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Abstract  
The attention for climate change is increasing all over the world. Anthropogenic emissions of 
greenhouse gases (GHG) that cause unwanted global warming, are the main cause of this 
climate change. Livestock farming, especially dairy farming is a significant contributor of the 
emission of GHG. In China, the growing demand for dairy products has prompted the dairy 
sector to increase production. With the expansion of dairy processors and large dairy 
farming groups, concerns have arisen about the GHG emissions from the dairy farming 
sector. Therefore, the identification of the main factors affecting emissions from dairy farms 
and feasible mitigation options are crucial for reducing the emission for the dairy sector in 
China.  
It is well known that applying renewable energy sources and the upgrade of environmental 
controlling equipment such as manure treatment can help to reduce GHG emissions. 
However the biggest source of greenhouse gases on dairy farms is the process of enteric 
fermentation in the rumen that releases methane. The reduction of enteric emissions is an 
important mitigation option on dairy farms. This can be done by  options such as improving 
nutrition and dairy herd management and many more mitigation options. To come to 
recommendations about effective, profitable mitigation and tailor-made mitigation options, 
we developed an approach in which improving the efficiency of the dairy farms is combined 
with the reduction of GHG. Measuring and monitoring technical efficiencies and GHG are 
important first steps of this apporach. The second part consists of recommending farm 
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1.1. Background of the approach 
The Chinese government has set the goal of reaching peak carbon in 2030 and carbon 
neutrality in 2060. As early as 2013, the Food and Agriculture Organization of the United 
Nations (FAO) published the report "Solving Climate Change Through Livestock: A Global 
Assessment of Emissions and Mitigation Opportunities" (Gerber et al., 2013). The report 
shows that the annual greenhouse gas (GHG) emissions related to the animal husbandry 
supply chain were in total 7.1 billion tons of carbon dioxide equivalent, accounting for 14.5% 
of the total anthropogenic GHG emissions. Regarding carbon mitigation, the energy sector is 
the largest contributor to carbon emissions and is the most significant emission source, 
therefore the pubic in China emphasizes fossil fuel emissions,  but pays less attention to the 
agriculture secor also as a source of GHG (Figure 1).  
 
Figure 1. Global greenhouse gas emissions by sector. Source: Climate watch, the World 
Resourses Institute, 2020. (https://ourworldindata.org/ghg-emissions-by-sector#licence) 
Within the agricultural sector, ruminant production is responsible for approximately 60% of 
GHG emissions, and the largest agicultural contributor to global GHG emission (Harrison et al 
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2021). Livestock production also accounts for 70% of global agricultural land use and the 
area dedicated to feed-crop production represents 33% of total arable land (Bellarby et al 
2013). Milk and dairy products are nutrient-dense foods that supply energy, protein, 
minerals and vitamins. In China, annual dairy production is growing rapidly due to the 
growing interests of consumers and is projected to more than double from 48 million tonnes 
in 2020 to 120 million tonnes in 2050 (Bai et al., 2018). In response to the rapid and 
continuous increase in demand of milk products in China, large dairy processors in China, 
such as Mengniu and Yili, listed in top 20 of dairy processors worldwide, have accelerated 
their steps towards expansion.  
Meanwhile, the Chinese dairy sector was also facing some problems that restrained the 
development of the industry, such as the high cost of imported roughage for animal feed, 
separation of crop and dairy farming, increasing difficultires in land transfer and relative low 
quality of roughages (Gao et al., 2020). At the same time the production costs of dairy farms 
are too high to make them profitable. For example, large-scale dairy farms are relying too 
much on imported raw materials like alfalfa and soybean meal (Wang et al, 2019). Also, most 
of the farms provide the dairy cows more nutrients than they need, so there is a big waste of 
energy as well as corresponding redundant GHG emissions. We project that with 
standardized management and advanced technologies, the livestock industry can reduce 
GHG emissions by as much as 30% (Gerber et al., 2013). 
Although livestock production efficiency has improved significantly during the past few years 
in China, and a series of environmental control measurements have been conducted to 
prompt the sustainable development of livestock production, little has been done regarding 
the mitigation of GHG emissions, and the development of monitoring agricultural sources of 
GHG emission and mitigation options are far from sufficient (Hayek et al 2021). This means 
that the industry not only has a huge amount of carbon emissions, but also has a large 
carbon emission reduction potential to be tapped (Duffy et al., 2021). Considering that the 
efficiency of milk production will affect the impact on environment, i.e., the more fine-tuned 
the nutritional supply is, the more efficient animals will produce, thus less waste will be lost 
in emissions. Therefore, we could improve the efficiency while decrease the emission 
intensity, which is calculated and expressed as GHG per kilogram of fat and protein 
corrected milk (FPCM). Over the past three years, the Chinese government has applied a 
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range of polices to reduce livestock environmental pollution, but only few of them 
specifically targeted at the dairy sector. Along with the domestic environmental impact, the 
booming dairy product consumption in China also has a global impact on GHG emission 
because of the large amount of imported alfalfa, maize, soybeans and dairy products. 
1.2. Goal of the approach 
The overall goal of the approach described in this report is to reduce GHG emissions from 
dairy farms by using a structured approach to make recommendations to reduce the GHG 
emission while improving or maintaining production efficiency and profitability. 
The terms “carbon emissions”, “greenhouse gas emissions”, “carbon/GHG neutrality” or 
“net zero emissions” are relatively novel to the Chinese livestock production systems. 
Owners of dairy farms always link reducing GHG emission with increased costs. To change 
this impression, the principle of the approach in this report is to find mitigation options that 
are effective for GHG mitigation while maintaining production performance and economic 
benefits. GHG emissions from ruminants are the result of complex biological processes 
occuring in different physiological stages of animals and that may differ between farming 
systems. In general, lowering a farm’s GHG footprint goes hand-in-hand with increasing farm 
efficiency and therefore profitability. In China, by continuing to improve production 
efficiency, the dairy sector can reduce GHG emission intensity. Therefore, it is important for 
the dairy sector to identify the potentials and measures to reduce the GHG emission through 
technology and best practices interventions in dairy farming. Thus, the goal of this approach 
is to develop a standard approach for stakeholders in the dairy sector of China to have a 
preliminary guidance to reduce GHG emissions through optimizing the production efficiency 
and profitability of large-scale dairy farms.  
1.3. Audience for this guide  
This guide was developed for use by stakeholders in the Chinese dairy farming sector who 
use a life-cycle assessment (LCA) approach to measure the carbon footprint and are looking 
for a method to come to recommendations to reduce this footprint of a farm. Thus, policy 
makers at different levels and stakeholders within the dairy sector such as dairy farm 
owners, cow nutritionists and sustainable development managers from dairy processors are 
the target user groups of this report. Besides, since the management of the production chain 
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of a dairy farm is complex, this report can be also a reference guidance for all consultants 
who are active in carbon assessment of dairy farms. By incorporating this approach, fair 
comparisons can be made across different dairy farming systems, herd sizes and regions. The 
methodology developed in this guide aims to allow users to assess GHG emission from 
“cradle to gate”. It does not include the processing part of milk production.  
1.4. Brief explanation of the approach  
The general workflow of this approach is shown in Figure 2. A series of dairy farm data are 
collected through on-site visits of experts. A questionnaire including information relevent to 
different aspects of the farms is provided to evaluate the performance of the farm 
(Appendix I). According to the information provided by the farm, experts in different fields of 
dairy production evaluate the nutritional supply, reproduction performance, animal health 
condition, manure management and milking performance as well as milk quality of the farm 
through their experience and by comparing with benchmarks with dairy farms with similar 
herd size in China. The GHG emission of farm production and the GHG emission per kg of 
milk (expressed as CO2eq/fat and protein corrected milk, FPCM) are identified. The 
profitability of the farm also can be calculated. Thus, the overall performance of the dairy 
farms can be evaluated and mitigation recommendations – tailored to the farms - can be 
made. A guideline of how to improve farm efficiency, management and production links with 
solutions will be provided to the farmers. All the interventions will be categorized by the 
planned implementation deadline. Improvement measures are divided into short-tem, mid-
term and long-term actions taking also into account costs and feasibility. Deadlines are set 
according to feasibilty aspects.  For example, changing the feed regime, improving cow 
culling rate and change of lighting or cooling scheme to save energy are short-term 
adjustments; improving the herd structure or introducing different genetic lines of cows can 
be provided as mid-term adjustments. Long-term measures include the change of energy 
source to renewable energy like photovolic power, upgrading of manure treatment facilities, 




Figure 2. Workflow of the approach. Source: adapted from Chatrchyan et al., 2018.  
1.5. Profesionals involved to conduct the approach  
Information about the activities and professionals who can be involved in conducting the 
different steps of this approach are shown in Table 1. In the different steps different experts 
are involved. Their role in each step is also different, as listed in the table in priority order. 
Next to the professionals involved, descriptions of activities involved in each step are 
introduced. For example, during data collection, experts should pay attention to the quality 
of the data, and farm owners are the target group to collaboarate with. The experts will 
collect data from different aspects of the farm according to their field of expertise. In this 
step, the consultants will take control of the data collection. During the data analysis, since 
this approach is mitigation-focused, mitigation experts will take the lead and collaborate 
with consultants in different fields to discuss the feasible mitigation options in each aspect of 
the dairy farm. Meanwhile, consultants will pay attention to technical details of the present 
herd management, identify the strengths, weaknesses and opportunities of the present herd 
and try to improve herd productivity and profitability and at the same time reduce the 
carbon emission. For the analysis and recommendation-making, experts together will look at 
options and alternatives that improve production efficiency while reducing the GHG 
emission. Benefits as well as trade-offs of the improvement suggestions will be provided to 
the farm owner to facilitate him in selecting suitable options for his farm. Finally, after 
certain options are adopted by the farm owners, deadlines will be added for implementation 
of recommendations, and the performance of the farm after adjustments will be monitored 
by collecting new performance data after a certain period.
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Table 1. Target group, consultants and activities in different steps of the approach 
Step Target group 
Experts invovled 
(rank in priority order) 
Activities 
Description Aspect Data collection 

















Body weight, age, milk production and milk composition (e.g., 




Herd composition, culling rate, days open, days to first service, 
length of calving intervals, probability of conception at each 
service, oestrous detection rate, conception rate first service, 






2. Data analysis Consultants 
Mitigation experts 
Emission analysis 






Assessment of KPIs of dairy farm 
Work closely with mitigation experts to pick mitgation options which will preferably also 
improve the efficiency 





Short term recommendation: practical measures improving GHG mitigation, efficiency and 
profit 
Middle term recommendations 
Long term recommendations: provide strategic suggestion to the policy makers 
Decison makers (dairy processors, 
dairy product key accounts) 






Mitigation experts  
Consultants 
Farm managers 
Implementation of priority recommendations 
Monitoring progress in performance indicators 
Assessment of changes in performance indicators 
Adjustments based on this assessment 
12 
The total farm approach (TFA) was developed as part of an international project that was 
aiming at exploring the potential to reduce GHG emissions from large-scale dairy farms in 
China. The project name is “Piloting and scaling of low-emissions development (LED)of low 
emission development in large scale dairy farms in China” and it was conducted by 
Wageningen University & Research (WUR), China Academy of Agricultural Science (CAAS) 
and China Agricultural University (CAU). International experiences with the improvement of 
dairy farm management and with the reduction of GHG from dairy farms were combined 
with Chinese knowledge and expertise to design the TFA meant for application on Chinese 
dairy farms.  
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2. Data collection method  
Data collection is the first step within the approach. A special data collection format is 
developed to collect the data needed. This data format can be found in Appendix 1. In this 
stage all data needed to asses the farm and to make recommendations to the farm will be 
collected. The data are obtained by visiting the farms and completing a structured 
questionnaire. Data collected in this approach can be also found in the activites part of Table 
1. In total six types of information are collected as following: 
1) Herd characteristics: the information of the herd structure like breeds and different 
groups of cattle (calves, heifers, and lactacting cows) are involved.  
2) Feeding input: the information of feed input including roughage source, concentrate 
type (premix formula) should be provided by the farmers. Also, the information of feed 
purchases is collected to calculate the transportation distance between the field where 
it was grown and the dairy farm where it is fed.  
3) Feed formulation: the formulation of total mixed rationmr provided to different 
categories of dairy animals are collected to determine the nutrient intake of cows.  
4) Energy consumption:  the use of diesel, gasoline, electricity will be collected to calculate 
carbon dioxide emissions.  
5) Manure management: the amount of manure and waste produced by animals will be 
collected. Also, the way the manure is processed will be described.  
6) Manure disposal: manure management options will be described: e.g., storage, 
anaerobic digestion and type of field application.  
Since each step within the dairy chain will produce a certain amount of GHG, the system 
boundaries determine which data are collected and analyzed in a certain study. In this 
project, the aforementioned data collection allows calculation of the GHG emissions from 
the farm. The appoach used is the LCA method where all GHG are taken into account from 
“cradle-to-farm-gate” (system boundaries of the assessment). In this system, all the 
upstream categories are included because they contribute to the total GHG emission of the 
end products of a dairy farm (Figure 3). This is the reason that the questionnaire we use to 
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collect the necessary data also collects data from all these areas: crops, soil, tillage, planting, 
crop harvesting, feed storage, grazing, machinery, farm facilities, bedding type, herd 
productivity, feeding strategies and manure management. Diet composition of each cattle 
group of the herd is also requested (type and amounts of forages and concentrates) 
together with nutritional management strategies (feeding groups within the herd, feeding 
system, grazing activity and mineral supplementation).  
Finally, the data collected allow the calculation of (1) feed and fertilizer production and 
processing: direct and indirect emissions in the processes of N fertilizer manufacturing and 
feed manufacturing; (2) fossil fuel CO2 emissions from the manufacturing of plastic sheeting 
and pesticides, application of urea during feed production, and machinery use during feed 
production, such as ploughing, seeding and harvesting; (3) CH4 emissions from enteric 
fermentation and manure management; (4) direct and indirect emissions from the manure 
management chain (housing, manure storage and treatment); (5) CO2 emissions from energy 
consumption on farm, including electricity and coal; (6) direct and indirect emission  from 
manure application to produce crops (after manure has left the livestock farm) and CO2 
emissions from energy consumption during manure application. Detailed parameters can be 
seen in Appendix 1. All data in this project are collected using a bottom-up approach, i.e., 
collected directly from the farmers.
 
Figure 3. System boundaries in this study. Source: adapted from Chatrchyan et al., 2018.
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3. Data processing and output 
Data will be collected in a standard form during the on-site farm evaluation as described in 
the previous section. Then the methods used for collecting and recording raw data, the 
validity and the accuracy are examined and evaluated. Due to differences among regions, 
parameters related to feed cultivation, processing and transportation will be based on 
relevant statistical yearbooks and industry reports. At the same time, the actual data of 
different years and regions can be obtained by establishing and updating relevant databases. 
According to ISO standards, the built-in parameters involved in the methodological formula 
give priority to nationally recognized emission coefficients or authoritative papers that are in 
line with the actual production conditions of the country. If these are not available, they can 
be obtained by consulting industry experts or by indirect calculation.  
3.1. Data quality and validation 
Data quality is crucial to calculation of GHG emissions. Generally, data quality is reviewed 
empirically, according to the experiences and knowledge of experts in their fields of 
epxertise. Most importantly, collected data will be checked again according to a database 
that is available at CAU, which is developed by the national dairy production industry. The 
current database has data of more than 200 dairy farms with different herd sizes and 
enables cross-validation to check the data provided by different stake holders in this project. 
Before the data collection, discussion with the stakeholders will be organized to give better 
understanding of the purpose, and a detailed guideline will be provided to help complete 
the questionnaire.  
3.2. Calculation of GHG 
After validation, GHG emissions are calculated according to the “Method for carbon 
footprint assessment of milk production in intensive dairy farms”, provided by the Chinese 
Academy of Agricultural Sciences (Dong et al., 2019).1  The total emission from an intensive 
dairy production system is the sum of (1) the total of greenhouse gas emissions from feed 
cultivation and feed processing after allocation, (2) methane emissions from enteric 
 
1 To achieve consistency in dairy LCAs, IPCC Tier 2 approach is used in this study. Details of Tier 2 methodogy are given in: 2006 
IPCC Guidelines for National Greenhouse Gas Inventories, Volume 4: Agriculture, Forestry and Other Land use. 
16 
fermentation, (3) manure management and (4) field application of manure, and (5) 
greenhouse gas emissions from energy consumption on the dairy farm. Finally, the carbon 
footprint of milk production (CFmilk) of a farm is expressed as kg CO2-eq per kg of FPCM. The 
total system emissions are divided by the value of the standard annual total output of dairy 






CFmilk The carbon footprint of milk production on the dairy farm, kg CO2-eq kg 
FPCM-1 
Gfeed Greenhouse gas emissions from feed production, t CO2-eq 
AFfeed i Allocation factors of main and by-products of feed 
Genteric Greenhouse gas emissions from enteric fermentation, t CO2-eq 
Gmanure Greenhouse gas emissions from manure management, t CO2-eq 
Gland Greenhouse gas emissions from land application of manure, t CO2-eq 
Genergy Greenhouse gas emissions from energy consumption, t CO2-eq 
MFPCM Annual standard milk production on the dairy farm, t FPCM 
AFp The allocation factor for greenhouse gas emissions from the whole 
system. 
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4. Analysis of data by experts and consultants 
4.1. Tools to support assessment of the technical and profitability 
results 
The first step in the analysis of of the data is the assessment of the results by consultants 
and experts according to the criteria that are used within the high-standard operation 
protocol of intensive dairy farming in China. Detailed information about this protocol can be 
found in Appendix 1. This analysis covers all dairy farm aspects (except GHG) to come to 
recommendations about the improvement of the technical performance as well as the 
profitability of the dairy farm.  
4.2. Benchmarking methodology to support assessment of GHG 
emission results  
GHG emission results will be compared within the similar herd size groups of dairy farms. 
Benchmarking and reference groups can be identified by using the data from National 
Statistical Yearbook or information from National Dairy Industrial Technology System 
database (CSY 2019, 2020). The right benchmark group is determined by selecting for animal 
breed, feed resources, manure management and some key parameters like milk production 
and feed cost per unit of milk. 
4.3. Approach to come to conclusions about the performance of a 
farm and recommendations for changes in farm management 
First of all, the provided results can give the farmers a better knowledge of their farms. It will 
make them aware of strengths and weaknesses of the farm. After the analysis of data, 
recommendations for improvement of different aspects of farm management (including 
feeding, milking, herd health and welfare, silage production, maintenance of equipment, 
manure management, etc.) will be proposed based on economic goals and GHG emission 
goals. As second step suggestions for mitigation options will be given for different units or 
departments within the dairy farm, e.g., milking cows, dry cows, calves and heifer 
management and fodder production. These mitigation options should maintain or even 
improve the farmers’s economic competitiveness, but at the same time decrease the GHG 
emissions, i.e., when providing mitigation suggestions, the consultant should be aware of 
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the impact on efficiency and economic results of the farm. Next to that the consultant can 
show some mitigation suggestions that would strongly contribute to decrease GHG 
emissions but that – most likely – also have a negative impact on profitability of the farm. 
These mitigation options will only be attractive in case of legal obligations or when the dairy 
processor or other party would pay a remuneration or compensation for this decline in 
profitability. Besides that, some recommendations that will only be implemented if they will 
become obligations, introduced by government rules. The experts may also provide these 
type of mitigation options as policy recommendations to the policy makers as a means to 
further reduce emissions in their attempts to avoid global warming and the resulting climate 
change.  
Before listing the results in a report to the farmer,  the consultant should discuss results with 
the farmer to explain the recommendations and the motivation behind the 
recommendations. This will also increase the acceptance of the results and the 
implementation of recommendations by the farmer. After this discussion and explanation 
meeting with the farmer, the recommendations will be listed in the final report for the 
farmer.  
The list of recommendations should distinguish between these three categories: 
 Short-term (operational) decisions to change: practical approaches like switching to 
alternative feed resources to maintain or improve production performance or the use 
local feed to reduce transportation cost and energy consumption.  
 Medium-term (tactical) decisions to change: grow alternative crops that contribute to 
GHG decrease or switch to using renewable energy sources to replace the current 
energy source. These recommendations will be provided to the farmers to consider next 
steps in their mitigation strategy.  
 Long-term (strategic) decisions to change: consider more drastic steps to reach future 
GHG mitigation targets (e.g. minus 10% GHG per kg FPCM or improve the milk 
production per cow with 5 % in 5 years). Corresponding mitigation options may be 
provided to the farmers such as carbon sequestration.  
This distinction is needed to support the farmer in the timing of the implementation of 
mitigation options in farm management. Medium- and long-term changes may require more 
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time to prepare or may have a bigger negative impact on profitability or may require 
investments the farmer may not be able to do in the short term. But the investment may 
become feasible if buildings or equipment need replacement.  
4.4. Implementation of the recommendations and progress 
monitoring 
After the delivery of the recommendations of proposed changes in farm management, the 
farmer can select the changes he or she wants to implement on the farm based on criteria 
such as: impact on profitability, skills needed to implement, need to invest and other criteria 
that are relvant for the farmer.   
According to the individual preferences of the farms, certain mitigation options picked by 
the farmers will be implemented on the farm and results will be monitored and evaluated. 
Meanwhile, support from different experts may also be essential to guide the farmer to 
make the implementation effective and successful. The progress in farm performance 
improvement will be monitored and assessed. On a regular base (e.g., after one month in 
case of short- term operational changes or after one year in case of medium-term changes), 
new data will be collected and the results of implementation will be assessed again.  
In the introductory period of the approach the experiences of farmers or farm managers 
with using the TFA are investigated. This investigation also covers the attitude of farmers 
towards the application of TFA including checks applied by the farmer to explore the 
feasibility of recommended adaptations (including mitigation options for GHG). These 
attitudes  are collected on a group of pilot farms. These results and experiences are 
published in a separate report that focuses on evaluating the application of the approach on 
a group of pilot farms (Wang et al., 2021). 
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5. Conclusion and recommendations  
In this study, a general structured approach  is described to come to recomendations to 
reduce the GHG emission from a dairy farm while maintaining or improving technical 
efficiency and profitability of the farm. The approach delivers recommendations for the 
farmer to reach the goals mentioned. The application of this approach should guide Chinese 
dairy farms on the way to continue improve farm management in a profitable as well as a 
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